Incremental changes in glucose concentration influence the pancreatic beta cell secretory responses in the adult (7) . Using a [1311] insulin turnover technique, we showed previously that the insulin secretion rate was similar between term and preterm lambs in the first week of life and that the response of the neonatal lamb to glucose stimulation was similar to that of adult sheep (6) .
The relationship between glucose homeostasis and the rate of insulin production is also of importana in the fetus. Insulin can be demonstrated in fetal sheep panaeatic islet cells and plasma fnnn 42 days of gestation onward. (1) Previously, inferences regarding the state of pancreatic beta-cell responsiveness to a glucose loading were based on observed changes in fetal plasma insulin kvels in response to a glucose challenge. To date and to our knowledge there is no data on insulin kinetics during the fetal period.
The purpose of this study was to evaluate the rate of net insulin secretion under basal-and glucose-stimulated conditions in the preterm fetus. The data were compared with those obtained in the neonatal period from lambs of similar gestational age.
MATERIALS AND METHODS
Fetuses from six mixed breed pregnant ewes were the subjects for our fetal studies. presents the difficulty of matching the neonatal lamb at comparable levels of development because delivery of newborn sheep at 130 days of gestation would invariably result in the animal having respiratory distress and poor survival. To circumvent this problem we resorted to the use of fetal glucocortiwid administration, which resulted in premature delivery of the fetus 36-38 h after administration as previously shown by Liggins (10) . The lung maturity in these lambs was accelerated; thus, they did not have respiratory distress and generally would survive during the neonatal period. Whether the gluwwrtiwid administration would affect insulin secretion rate or not is unknown and this factor has to be considered in the interpretation of the current data. Because our goal was to evaluate the effect of the birth process on insulin kinetics, and a surge in wrtiwsteroid level is one of the factors associated with onset of labor and birth (lo), the use of this hormone to stabilize the premature lamb model would probably allow us to achieve the aim of our study. The prime and wnstant infusion technqiue previously reported by Steele et al. (12) has been used because interpretation of tracer kinetics is simplified during metabolic steady states in contrast to when disequilibrium states are analyzed. In addition, the use of this tracer is simplified if one assumed that the specific activity included only immunoprecipitable insulin activity. The use of isotopic tracers to derive the metabolic clearance rate requires the assumption that the removal of iodinated insulin from the plasma pool is not subject to an isotope effect. Although we cannot totally exclude the possibility that native unlabeled and iodinated insulin are degraded at different rates, we wnsider it unlikely. The iodination method used in this study results in the production of monoiodoinsulin with bioactivity identical to that of native insulin (8) . This would imply that the removal of monoiodoinsulin from the plasma pool proceeds via the same mechanism and rate as native unlabeled insulin. The term post-hepatic insulin secretory rate has been used to reflect our inability to measure absolute insulin secretion from the pancreas. This term describes the "net insulin secretion," which reflects hepatic extraction of insulin from the portal circulation. The peripheral plasma insulin concentration used in the calculation reflected total pancreatic insulin secretion minus the combined degradation of insulin by liver, muscle, and kidney.
Our study design was constructed in such a way that both in the fetal and neonatal subjects, the increment in plasma glucose concentration after the glucose infusion was approximately twice the concentration of the baseline values. The similarity in the increment in glucose concentration allowed for the interpretation of the insulin secretion rate between the fetal and neonatal animals.
In the newborn lamb, the rise in plasma glucose resulted in the signiftcant increase in the post-hepatic insulin secretion rate whereas the metabolic clearance rate for insulin was unchanged, which would be expected to result in a significant increase in the plasma insulin concentration. Our data did show an increase in plasma insulin concentration. Unfortunately, the large variation and small number of observations resulted in the differences not being statistically significant.
In the fetus, under comparable glucose stimulation (2-fold increase), insulin secretion rate was also increased in three out of four experiments. The metabolic clearance rate of insulin in the fetus was reduced significantly after glucose stimulation. The increase in the plasma insulin levels in the fetus is probably due to its increased secretion and reduced clearance. In the intrauterine state, the placenta plays an important role in the degradation of insulin. Whether glucose stimulates placental degradation and, hence, insulin clearance is not known and deserves further investigation.
Previous investigations by others on the effect of glucose infusion and insulin metabolism in the perinatal period have shown a marked variability in results (2, 5, 11, 14) . This is probably due to the differences in methodology. For instance, Willes et al. (14) studied the response to fetal intravenous glucose challenge in the chronic ovine fetus from 100-146 days gestation. They demonstrated no elevation in plasma insulin concentration after bolus injection of either an 0.5 g or 1.0 g glucose/kg fetal body weight. These data are in contrast to our results in newborn lambs and adult sheep, probably because of the difference in the method of glucose administration i.e., bolus versus continuous infusion, the latter achieving a steady state. Alexander et al. (2) employed a similar fetal preparation to study insulin response to bolus glucose injection. The authors, using a slightly higher glucose load (0.8-1.4 g glucose/kg fetal body weight) in three animals (1 18, 122, and 138 days gestation) found insulin elevations in response to glucose loading in seven out of eight injections. Whether the difference in the finding of Willes et al. and those of Alexander et al. is due to dose differences is unclear. Continuous maternal glucose infusion sufficient to raise the fetal plasma glucose concentration from 19.4 mg/dl to 160 mg/dl in 60 min was found by Bassett and Thorburn (4) to be associated with a significant rise in fetal plasma insulin concentrations from 8.8 pU/ml to 35 pU/ ml. This response was seen in all six of the fetuses studied, which ranged from 104 to 136 days gestation. Subsequently, Bassett and Madill (3) showed that greatly prolonged glucose infusion of both 40 and 60 mg of glucose/min into fetal lambs close to term resulted in sign*cant increases in fetal plasma glucose and insulin concentrations, which were observed within 1 h and sustained over the 5-day period. These plasma insulin responses to glucose in fetal sheep are similar to ours. More recently, Phillips and coworkers (11) confirmed these observations in fetal sheep. In addition, using fetal rats, he confirmed the report by Blazquez et al. ( 9 , which demonstrated a diminished early response to glucose stimulation, but a significant late response of fetal insulin secretion to a glucose stimulus. Also, Blazquez et al. have observed that insulin-response curves of fetal lambs are similar to maternal insulin-response curves, suggesting a similar sensitivity to glucose stimulus between fetal and maternal sheep. We have observed large variation in post-hepatic insulin secretion rates in the fetal and neonatal lambs. The source of this variability is difficult to identify; however, this variability is not restricted to the fetal or neonatal lamb. In adult man Stem et al. (13) have found irreversible loss rates of insulin from plasma in fasting man to range from 1200-10,455 pU/min. In adults receiving glucose infusions that resulted in plasma glucose concentrations approximately twice fasting levels the rates of insulin secretion ranged from 6278-37,818 pU/min. They concluded that widely different amounts of insulin are released by different subjects in order to maintain similar steady-state plasma glucose concentrations.
Our studies of insulin turnover show that post-hepatic insulin secretion rates in response to glucose stimulation in the neonatal and fetal lamb of comparable gestational age are similar. This work extends our previous studies and suggests a similar insulin secretion in response to glucose stimulation in fetal, preterm, term, and adult sheep. We conclude that the fetal sheep pancreas during the latter part of gestation is physiologically mature and capable of responding appropriately by increasing insulin secretion to the rapid increases of plasma glucose concentration associated with the transition from intrauterine to extrauterine life.
